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(54) REAR FOCUS TYPE ZOOM LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the zoom lens which is small-sized while 
securing long focus and a high zoom ratio. 

SOLUTION: This lens consists of a 1st lens group L1 which is fixed and has positive 
refracting powera 2nd lens group L2 with negative refracting powera 3rd lens L3 
which is fixed and has positive refracting powera 4th lens group L4 with negative 
refracting powerand a 5th lens group L5 with positive refracting power in order from 
an object sideand is varied in power from the wide-angle end to the telephoto end by 
moving the 2nd lens group L2 toward an image planemoving the 4th lens group L4 
toward the object along a concave track and focused by moving the 5th lens group 
L5. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group that has positive refractive power by immobilization in 
order from the object sidethe 2nd lens group that has negative refracting powerWhile 
having the 3rd lens group that has positive refracting power by immobilizationthe 4th 
lens group that has negative refracting powerand the 5th lens group that has positive 
refracting power and moving said 2nd lens group to the image surface side on the 
occasion of variable power from a wide angle end to a tele edgeA rear focus type 
zoom lens moving said 4th lens group to the object side by a locus of concavemoving 
said 5th lens group and performing focusing. 

[Claim 2]A focal distance of f T and the 3rd lens group is made [ a focal distance of a 
wide angle end ] into f 3 for a focal distance of f w and a tele edge[External Character 



1] 



A rear focus type zoom lens of claim 1 satisfying a conditional expression which 
becomes 0.95<f 3 /f M <1 .41 when it carries out. 

[Claim 3]A rear focus type zoom lens of claim 2 satisfying a conditional expression 
which becomes 0.51<D 4W /f M <1 .97 when D 4W of the lens interval of said 4th lens group 
in an infinite distance object of a wide angle end and said 5th lens group is carried out. 
[Claim 4]A rear focus type zoom lens of claim 2 satisfying a conditional expression 
which becomes 0.95<BF/f M <1.50 when distance when distance was converted into air 
from the last lens side of the 5th lens group in an infinite distance object of a wide 
angle end to the image surface is set to BF. 

[Claim 5]A rear focus type zoom lens of claim 2 satisfying a conditional expression 
which becomes 1 .05<|f 4 |/f M <2.65 when a focal distance of said 4th lens group is made 
into f 4 . 

[Claim 6]A rear focus type zoom lens of claim 1 satisfying a conditional expression 
which becomes 4.9<f,/f 2 <7.1 when a focal distance of said 1st lens group and the 2nd 
lens group is made into f, and f 2 . 

[Claim 7]A rear focus type zoom lens of claim 2wherein said 5th lens group has an 
aspheric surface lens of shape in which positive refracting power becomes weak as it 
goes to a periphery of a lens. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the zoom lens of a rear 
focus type with itthough it is used for the object for photographsa video cameraetc. 
and a high variable power ratio is secured about the zoom lens of a rear focus type. 
[ a small front ball diameter and ] [ large caliber ] 
[0002] 

[Description of the Prior Art]These daysin connection with small weight savingssuch 
as a home video cameraremarkable progress is looked at by the miniaturization of the 
zoom lens for an image pick-upand power is especially directed towards shortening of 
an overall lengththe miniaturization of a front ball diameterand simplification of 
composition. 

[0003]The so-called zoom lens of the rear focus type which moves lens groups other 
than the 1 st lens group by the side of an objectand performs a focus as one means to 
attain these purposes is known. 

[0004]Generallycompared with the zoom lens which the zoom lens of a rear focus 



type moves the 1 st lens groupand performs a focusthe effective diameter of the 1 st 
lens group becomes smalland the miniaturization of the whole lens system becomes 
easy. Since close photographingespecially pole close photographing become possible 
and the further comparatively small lightweight lens group is movedthe driving force of 
a lens group is smalland endsand quick focusing is made. 

[0005]As a zoom lens of such a rear focus typefor examplethe 1 st lens group more 
positive than the object side to order with JP62-2421 3AIt has the 2nd negative lens 
groupthe 3rd positive lens groupand the 4th positive lens groupand the 2nd lens group 
and the 4th lens group are movedand variable power is performedand focusing is 
indicating the zoom lens performed by moving the 4th lens group. 
[0006]While making a front ball smallit is proposed by JP5-215967A as a 
comparatively high zoom lens. 

[0007]By the wayhigh definition-ization of a video camera is progressing with highly- 
efficient-izing of a videocassette recorder. Decomposition of the picture by a certain 
color separation optical system has attained high definition from the former as the 
one method. For examplethere are JP5-72474AJP6-51 199Aand JP6-347697A. 
[0008] 

[Problem(s) to be Solved by the Invention]As stated abovein order to attain the 
miniaturization of a front ball diameter and the whole systemgenerally in the zoom 
lenswhat is called a rear focus type is suitable rather than distance doubling by the 
1st lens group. 

[0009]Howeverin order that a back focus might be short or might perform the 
amendment and the focus of image surface fluctuation by variable power by one lens 
groupthe movement magnitude of the lens group became large and the early focus 
was difficult for the gazette mentioned above. 

[0010]The purpose of this invention improving the fault of the above-mentioned 
conventional exampleand securing a long back focusit attains a high variable power 
ratiomakes a focus lens group independentreduces movement magnitudeand aims at 
offer of the rear focus type zoom lens which has good performance covering all the 
zoom areas and whole object distance. 
[0011] 

[Means for Solving the Problem]And the 1st lens group that has positive refractive 
power by immobilization in order from the object side a place by which it is 
characterized [ of this invention ]The 2nd lens group that has negative refracting 
powerthe 3rd lens group that has positive refracting power by immobilizationWhile 
having the 4th lens group that has negative refracting powerand the 5th lens group 
that has positive refracting power and moving said 2nd lens group to the image 
surface side on the occasion of variable power from a wide angle end to a tele 
edgeSaid 4th lens group is moved to the object side by a locus of concaveand it is in 
moving said 5th lens group and performing focusing. 

[001 2]A place by which it is characterized [ other ] is carried out to stating in the 



example below. 
[0013] 

[Embodiment of the Invention] Drawing 1 to drawing 5 is a sectional view of the zoom 
lens of the numerical examples 1-5 with which this invention is related. Drawing 6 - 
drawing 10 show the several aberration figure of each numerical example(A) shows a 
wide angle end(B) shows a middle field angleand especially (C) shows the several 
aberration figure of a tele edge respectively. 

[0014]The 2nd lens group in which the 1st lens group in which L1 has positive 
refractive power by immobilization in orderand L2 have negative refracting power from 
the object sideThe 3rd lens group in which L3 has positive refracting power by 
immobilizationthe 4th lens group in which L4 has negative refracting powerand L5 are 
the 5th lens group that has positive refracting powerWhile moving said 2nd lens group 
to the image surface side on the occasion of the variable power from a wide angle end 
to a tele edge as an arrow showssaid 4th lens group is moved to the object side by 
the locus of concavesaid 5th lens group is moved and focusing is performed. 
[0015]SP is a diaphragm placed in a fixed position ahead [ 3 group ]. G shows glass 
blockssuch as a faceplatea filterand a color separation prism. In focusing5a shows the 
locus of 5b and an infinite distance object for the locus of the near object. Thusthe 
amount of deliveries by the side of the object of the 5th lens group is large as it goes 
to the looking-far side. In this examplethough the high zoom ratio of about 1 5 to 16 
times is givenwhile adopting such a rear focus method and attaining shortening of a 
front ball diameterfocusing to a short distance object is made possible. 
[0016]The 1st group has accounted for 50 to 80 percent of the weight of a lens with 
the common zoom lens. Thereforein order to attain the weight saving of a zoom lensit 
is effective to make material of the lens of the 1 st group lightor to make the lens 
diameter of the 1st group smalland to decrease volume. Soin this examplethe lens 
diameter of the 1st group is made small and the weight saving of the whole zoom lens 
is attained. That isthe miniaturization of the lens diameter of the 1st group is attained 
by arranging a diaphragm compared with the zoom lens which has arranged the 
diaphragm back rather than the 4th group in between the 2nd group and the 3rd group 
near the 1st groupimmediately the back of the 3rd groupor the 3rd group. And in this 
examplethe lens group is arranged so that a lens effective diameter may become 
small in both lens diameters of the 1st group determined by the lens diameter of the 
1st group and the axial ray (f number beam of light) of a tele edge which are 
determined with the oblique ray by the side of a wide angle. 

[001 7] Although it is possible enough to attain the purpose of this invention abovein 
order to secure a predetermined back focus and to give good optical performancethe 
focal distance of f T and the 3rd lens group is made [ the focal distance of a wide angle 
end ] into f 3 for the focal distance of f w and a tele edge[0018] 
[External Character 2] 



It is 0.95<f 3 /f M <1 .41 when it carries out. — (1) 

It is good to satisfy the becoming conditional expression. 

[0019]This conditional expression regulates the focal distance of the 3rd lens 

groupand is greatly related to a back focus. It becomes difficult to secure a back 

focus required if the focal distance of the 3rd lens group is shortened exceeding the 

lower limit of a conditional expressionin order to arrange a color separation prism. The 

aberration variation by a spherical aberration or astigmatic zooming becomes largeand 

is not preferred. Although a back focus becomes longthe movement magnitude of the 

4th lens group becomes largewhole length of the lens becomes longand it becomes 

impossible on the contraryto attain a miniaturizationif the focal distance of the 3rd 

lens group is recklessly lengthened exceeding upper limit. 

[0020]In order to attain effectively the shortening effect of good aberration 

compensation and an overall lengthit is preferred to satisfy the following conditional 

expressions. 

[0021]0.51<D 4W /f M <1.97 — (2) 

HoweverD 4W and f M are about a lens interval of said 4th lens group in an infinite 
distance object of a wide angle endand said 5th lens group. [0022] 
[External Character 3] 



It is come out and given. 

[0023]This conditional expression specifies the moving range of the 4th group lens 
which amends the image surface fluctuation accompanying variable power. If the lens 
interval of the 4th lens group and said 5th lens group is shortened exceeding the 
lower limit of a conditional expressionit will become difficult to perform focusing to a 
point-blank range object On the contraryif upper limit is exceededalthough focusing 
can be performed comparatively easilythe whole lens is enlarged and it is not 
preferred. 

[0024]Space efficiency is raised by drawing a concave locus on the object side for 
the 4th lens group on the occasion of zooming from a wide angle end to a tele edge. 
[0025]It is preferred that it is satisfied with arranging a color separation prism of the 
following conditions. 
[0026]0.95<BF/f M <1.50 — (3) 

HoweverBF is distance when distance from lens back in a wide angle end to the image 
surface is converted into air. If a lower limit of a conditional expression is exceededa 
back focus cannot fully secure but arrangement of a color separation prism 
corresponding to bright FNo will become difficult. On the contraryif upper limit is 
exceededwhole length of the lens of a fully securable thing becomes largeand a back 
focus's is not preferred. 

[0027]Although it is related to a conditional expression (Din order to secure a long 



back focus which can arrange a color separation prism to lens backit is preferred to 

satisfy the following conditions. 

[0028] 

1.05<|f 4 |/f M <2.65 — (4) 

Howeverf 4 is a focal distance of the 4th lens group. 

[0029]This conditional expression regulates a focal distance of the 4th groupand is 
greatly related to a back focus. If a focal distance of the 4th group is shortened 
exceeding a lower limit of a conditional expressionalthough a back focus becomes 
longit will become difficult for an aberration amount generated by the 4th group to 
become largeand to amend. On the contraryif a focal distance of the 4th group is 
lengthened exceeding upper limitit will become difficult to secure a back focus 
required in order to arrange a color separation prism. Movement magnitude of an 
image surface amendment sake becomes largewhole length of the lens becomes 
longand it is not desirable. 

[0030]As for aberration generated in connection with variable powersince one of the 
purposes of this invention aims at high variable power like the above-mentionedit is 
desirable to cancel in the 1st group and the 2nd group. It is 4.9<|f/f 2 |<7.1 when a 
focal distance of the 1 st group and the 2nd group is made it with f, and f 2 . — (5) 
It is satisfied. If a lower limit of a conditional expression is exceededfor high variable 
powerit is necessary to take large movement magnitude of the 2nd groupand will 
enlargeand a front ball diameter will become large. On the contraryif upper limit is 
exceededit becomes large negativethe image surface becomes the tendency to fall on 
the plus side greatlyand the PETTSU bar sum is not preferred. 
[0031]In order to attain effectively a miniaturization of a lens diameter of the 1st 
group and shortening of an overall lengthand good aberration compensationit is 
preferred to satisfy the following conditional expressions. 

[0032]In order to amend effectively change of a coma aberration especially generated 

by zoomingit is preferred to satisfy the following conditional expressions. 

[0033] 

0.48<|f 2 |andFN w /f M <0.90 — (6) 

This conditional expression regulates a focal distance of the 2nd groupand is greatly 
related to FNo of a wide angle end. Since the 2nd group mainly has a variable power 
functionit moves by zooming in an optic-axis top. Thereforean aberration variation to 
generate must be amended good. In particulara coma aberration is changed sharply. 
They are the conditions for amending this good. 

[0034]If FNo of a wide angle end is made bright exceeding a lower limit of a 
conditional expression or a focal distance of the 2nd group is shortenedhigh order top 
flare will occur greatly and amendment will become difficult. When a focal distance of 
the 2nd group is recklessly lengthened exceeding upper limit or FNo of a wide angle 
end is made darkwhole length of the lens of what goes up becomes longand it 
becomes impossible on the contraryfor performance to attain a miniaturization. 



[0035]By the abovethough it was easy compositionabout 1.6 FNo and ** for which 
high optical performance is moreover maintained with a large caliber were made 
possible by the variable power ratios 14-15 and high variable power. 
[0036]By adopting an aspheric surface as the 5th groupthough it is a large caliber and 
a super-high double zoom lens as shown by exampleit becomes possible to attain a 
zoom lens with high optical performance. 

[0037]It is used in order that an aspheric surface in the 5th group may mainly amend 
astigmatism of high order flare components of a spherical aberrationand it is effective 
to give a for that purpose more strong convex. Thereforeit is best for positive 
refracting power of the 5th group to adopt an aspheric surface as the largest positive 
lens. 

[0038]Since it aims fundamental at amendment of a spherical aberrationit is desirable 
for positive refracting power to serve as shape which becomes weak as an aspheric 
surface goes to a periphery of a lens. 
[0039]Belowan example of this invention is indicated. 

[0040]in a numerical example — Ri — the object side — order — the i-th lens 
thickness and air spacingand nickel and vi of a curvature radius of the i~th lens side 
and Di are refractive indicees and Abbe numbers of glass of the i-th lens in order 
from the object side in the object siderespectively. 

[0041] Relation between the above-mentioned monograph affair type and many 
numerical values in a numerical example is shown in table-1. 

[0042]When aspherical surface shape makes positive a direction of movement of the 
X-axisan optic axis and a perpendicular direction H axisand light in an optical axis 
direction and a paraxial curvature radius and each aspheric surface coefficient are set 
to KBCDand E for R[0043] 
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It expresses with the becoming formula. 

[0044]For examplethe display of "e~X" means "10 "V 

[0045] 

[Table 1] 



[0046] 

[External Character 5] 



[0047] 

[External Character 6] 



[0048] 

[External Character 7] 



[0049] 

[External Character 8] 



[0050] 

[External Character 9] 



[0051] 

[Effect of the Invention] Offer of the rear focus type zoom lens of a large caliber 
which attains a high variable power ratiomakes a focus lens group independentreduces 
movement magnitudeand has good performance covering all the zoom areas and 
whole object distance was attained securing a long back focus by constitutingas 
explained above. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens sectional view of the numerical example 1 about this invention. 
[Drawing 2] The lens sectional view of the numerical example 2 about this invention. 
[Drawing 3] The lens sectional view of the numerical example 3 about this invention. 
[Drawing 4] The lens sectional view of the numerical example 4 about this invention. 
[Drawing 5] The lens sectional view of the numerical example 5 about this invention. 
[Drawing 6] The several aberration figure of the numerical example 1 about this 
invention. 

[Drawing 7] The several aberration figure of the numerical example 2 about this 
invention. 

[Drawing 8] The several aberration figure of the numerical example 3 about this 
invention. 

[Drawing 9] The several aberration figure of the numerical example 4 about this 
invention. 

[Drawing 10] The several aberration figure of the numerical example 5 about this 
invention. 

[Description of Notations] 
L1 The 1st lens group 



L2 The 2nd lens group 

L3 The 3rd lens group 

L4 The 4th lens group 

L5 The 5th lens group 

deltaM meridional image surface 

deltaS sagittal image surface 

d d line 

c c line 
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ftsfcoojM uvxw<o*ttafl«** < fty u>X£ 

A#« < ft 9T/J«MbWi*P*4 < ft So 
[0 0 2 0] SlEgWftiRMffiiEt^fiOSffia 

[0 02 1] 0. 5 1 <D4W/fM <1. 9 7- (2) 

ti3IB«5UVX»©UVXHBI*D4i» fM tt 
[0022] 
[*3] 

f M = 7(fw-fx) 

[0 0 2 3] E©&#5£li. »S(Cttift3«iB*illO 
MIE*fT3»41¥UVX©»IWH*^r4 l fc®?S 
So *ffSCOTHtt*Ha.T*4 uvxwtwiiBJiis u 
>x»© u vxbw*s < r s lt 

7*-A->V^*ff5Ci:*«B»ti:ftSo iSKs -hPSfil 
£8*. S £ 7 * - * -> y 8 JS 

[0 0 2 4] Sfc, »4 UVXSfclEfcMfrSaa*^ 
©X-5 >^cBLT*fM«ciatt©fl»*«< E£fc 

* y x^-x»**b»t^«. 
[0025] fe»wxyxi**K«-r*fcttWT 
©*#*«£-r S C fc »* Ll\ 

[0026] 0. 95<BF/fM<1. 5 0- (3) 
fe^U B F(il£ft«HEfe^*UVX«^6*ffi*T 
©!§Wf^SStE«!»Lfc<!:?OSE8iT-aBSo tkft£(DT 

m»tm.^t/^ 97*- *x#+5McwiT*rw 

S^ F N o lcS«5Lfcfe#KXy X^©E«tf BKlEft 



(4) 
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miz, ±BHil*«a.S£/ty*7*-ZjZW:+#fc 
5t£7t St <7)0 b VX£Stf ** < ft 'J ff * L < ft 

t\ 

[0 0 2 7] KlCifcfra (1) £BWRLT<Stf, 

*U\ 
[0 0 2 8] 

1. 0 5 < | f 4 1/fM <2. 65- (4) 
fcf£U f4 t*»4l/VXS©*jS£*?**. 
[0029] :©*fKtt, JB4»©j|luSS«*a*!|-r 
*fc0T7^7*-;&;*<h*£<ll8«LT<*o 
5£©THffl*»;lTllS 4 S¥ ®ftj£EBe£ < r * £ / 1 y 

#*S<fty*IE-r*©tfB»i:ft*. i»K» ±Hfl* 

«?iTiii4»©«ijSBai*ft<r*t» &sm-?*)xu 

&#B9i(ctt«. *fc» «BliIIEfti&<D*l«tf**< 
ft y U>X£*tf * < ft ^T#S L < ftl\ 
[0 0 3 0] $fc, *5WM>itt01"3tt, IftKOftK 

i mctsm 2 Bicfi^r* + >-t;ur * c t 
tfus li\ ztucttn i mtnimnmissm* f 
i , f2 

4. 9< I f 1 /f2 I <7. 1 - (5) 

fg<7)/-c46icm 2 mmwimztt < s y *s! 
ftLKn»wt*<ft«. isetc. ±B«*«ji*fc^y 

y/t-;MDtf Wc** < ft y«Btf** < 77*«fc« 

[0031] »c» » 1 souvxao/j^ifba^* 

flD®Bfki:fi»a«««E«*«ttt=»«-*fc*U: 
lis ttT«)*ft3«aiEf**tfff*Lts 
[0 0 3 2] X-5>^tc*y«S«a7iKS 
©SB*»*«U:«iE-r*n:i6lci*» «T©*ft3«l 

[00 3 3] 

0. 4 8< | f 2 I • FNw /f M <0. 9 0- (6) 
■OFNofc**<«HLT<«. *2»(*±K»S« 



[0 0 3 4] *ftSCOTIH**iBATJ£fteOF N o* 

B*<Ufc»J» *2»MluiW«i<r*2:«*fl!)3 
?7U7-tf**<58£LT*iEtfB»::ft*. Mc. 

y. /£ft4fl5c7)FNo^Bg<rSi:, 1t|gtt±tf**i<D® 
UVX^*tf*<0:y'Jxfflfb<«ti«T*ft<**. 

[0035] tt±ic«ky» mJHft«jaTa5yftfl«6«» 

ttl 4-1 5tWWSTFNo 1. 6S«t*PaTL 
[0 0 3 6] £5ttlc#3S«£ffir3*lc<J: 

y. *jwwT»^3Fti*a«c*pa» s»f§x-Auvx 
■p* y ft# 5 t)fc£ttn<oK^x- a uvx**ar « 
cttfRifigtft*. 

[0 0 3 7] *fc» St5ff4«OM«lHiB. ±fc8BMJ» 

stiTfcy, yawhnicitt-otfftMt 

WT'*«o ttoT»5W©jE©B«f*fl { -»*»l , »iEU 

vxic*wiis»fljT*©tf»*fti\ 

[0 0 3 8] fS, ««lCJ*iEiK*>!>«iE* 

awt LTt^/c46> i/ vxoniaawci^ fc Lfctfo 

TiEfl)Wr*iHi< **«tttft» C £ # a* U\ 
[0 0 3 9] J-XTIC *«B©*«fli*IB«r*. 
[0 0 4 0] ftflJtff0y(c£(,<>T« R i ^MiJctyil 

KSg i #i©UVXBB©ft*¥ax D i li*ttfl!J:yjlH 

tc» i fiaouvxwatfs«iBNis Niivi ti*n 

^h*tt#J<fcy|iItcM i #i©UVX©#7X©JHSf* 

[o o 4 1 ] na«>«*m&MJHM(c&i*« 
n&mtcommm- 1 est. 

[0 0 4 2] M«IE^Ktts ft»£faU:x8u 

8. &#«M,&£K, B, C, D, EtLfctZ. 
[0043] 
W4] 

X = , (I/R)HZ r + BH 4 + CH 8 + DH 8 + EH 10 

i+Vi-o+kxhw 2 
ftJ5i£T*£LTV*o 

[0 0 4 4] x«*tt r e -xj ®S;j%li ri o-Xj * 
**r*. 

[0045] 
[«1] 



(5) 



33864 



* 1 



* ft 35 


ft * & * m 


1 


2 


3 




5 


(1) 


1. 1 1 


1.12 


1.10 


1. 17 


1.13 


(2) 


1. 64 


0. 54 


1. 46 


1. 18 


0. 98 


(3) 


1.0 1 


1. 02 


1. 03 


1. OB 


1.11 


(4) 


1. 63 


2. 4 1 


1. 35 


1. 39 


1.13 


(6) 


6. 45 


5. 52 


6. 50 


5. 95 


5. 7 9 


(6) 


0. 6 1 


0. 8 1 


0. 7 4 


0. 7 7 


0. 7 6 



11. 474 
5. 408 
1.337 

-1.993 

12.924 
6.180 

-7.106 

m 

-21. 545 
-4.959 
10.767 



Fno=1.65~2.45 
0.34 H 



D 2= 1. 16 
D 3= 0.04 
D 4= 0.71 
D 5= p» 
D 6= 0. 16 
D 7= 0. 59 
D 8= 0. 14 
D 9= 0.20 
D10= 0.39 
Dll= Bl* 
D12= 0.54 



X 2= 1.603112 
N 3= 1.603112 
» 4= 1. 882997 
N 5= 1. 804000 
116=1. 84B860 

» 7= 1. 719995 



■ 59. 5° ~L 0" 

1/ 1=23.8 
» 2=60.7 

v 3=60.7 

u 4=40.8 

v 5=46.6 

n 6=23.8 

v 7=52.7 
1/8=55.5 



-4.153 
-2.718 
15. 787 
3.405 
2.131 
-5.728 



D18= 0.39 
D19= 0.16 
D20= BJ* 
D21= 0. 16 



= 0.28 
= 3.57 
= 0.10 



1(14= 1.550000 
N15= 1. 520000 
M6= 1. 589130 
1(17= 1. 550000 
N18= 1. 516330 



v 14= 60. 0 
v 15= 69. 0 
v 16= 61. 2 
1/ 17= 60. 0 
v 18= 64. 2 



B23 k=l. 148478+00 B=4. 00705e-03 C=2. 931198-04 D=-l. 99919e-04 E=l. 35826e-05 



[0047] 



me] 
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f=t~16. 16 
R 1= 18. 530 



21.868 
8.917 
1.881 

-3.464 



-16. 508 
4.726 
5.565 
-3.783 
6.721 
-3. 243 
-6.871 
-3. 953 
-2. 947 
-26.061 
27.673 
4.688 
-2. 960 



Fno=1.65~2.4. ! 
D 1= 0.34 
D 2= 1. 11 
D 3= 0.04 
D 4= 0.68 
D 5= mt 

D 6- 0. 16 

D 7= 0.64 

D 8= 0. 14 

D 9= 0. 18 

D10= 0.52 



DLL- 0.07 

D12- 0. L4 
M3= 

DU= 0.54 

015= 0. 18 

D16- 0. 18 

D17- 0.89 

M8= 0.04 

M8= 0.88 

D20= 0.18 

D21- el* 



» 1= 1.846660 
» 2= 1.603112 

H 3= 1. 712995 

X 4= 1. 882997 

M 5= 1. 882997 

N 6- 1. 845658 

N 7= 1. 772499 

N 8= 1. 854604 
N 9= 1.603112 
K10= 1. 61 



i 2=60.7 
. 3=53.8 
. 4-40.8 
.5=40.8 
. 6=23.8 
. 7-49.6 

.8=45.5 
.9-60.7 



1. 550000 v 16= 60. 0 

1.520000 1. 17= 69.0 

1.589130 w 18= 61. 2 

1. 550000 v 19- 60. 0 

1.516330 1-20- 64.2 



k=2- 18787e-02 B=6. 57527e-03 0=4. 06Z60e-04 D=-Z. 89593e-05 E=0. OOOOOe+OO 



(7) 
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11.235 D 1- 0.34 

6. 998 D 2= 1. 16 

-150.551 D 3= 0.04 

6.113 D 4= 0.71 

11.783 D 6= BIS 

5.230 D 6- 0.17 

1. 492 D 7= 0. 73 

-2.317 D 8= 0.15 

10.338 D 9= 0.21 

8.189 D10= 0.45 

-7.667 DU= BJ* 

83 D12= 0.54 

-18.130 D13= 0.37 

-5.028 D14= 0.04 

10.028 D15= 0.80 

-3.338 D16- 0.18 

-8.244 M7= Wt 

-3.717 D18= 0.39 

-2.407 D19= 0.16 

10.069 D20= SHE 

3. 154 D2L= 0. 16 



1113= 1.583126 v 13= 59. 4 

M14= 1.550000 v 14= 60.0 

N15= 1. 520000 u 15= 89. 0 

»16= 1. 589130 «16- 61. 2 

N17= 1. 550000 v 17= 60. 0 

N18= 1. 516330 v 18= 64. 2 



k=-l. 305S3e+00 B=3. 3£ 



0.19 
7.23 
0. 45 
5. 86 



C=3. 356078-04 D=-3. lB015e-04 E=3. 72611e-05 
W8] 



(8) 
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M~14. 48 

R 1- 9.805 

R 2- 6. 278 

R 3= 238. 358 

R4= 5.855 

R5= 10.803 

R 6= 5. 169 

R 7= 1. 427 

R 8= -2.504 



Rll= -7. 262 

R12= «*> 

R13= -70.003 

R14= 4.859 

815= 5. 274 

R16- -4. 413 

H17= 9. 128 



R22= 10. 438 

R23= 3. 252 

R24= 2.055 

* R25= -5. 137 



Fno=1.65~2.45 
D 1- 0.34 
D 2= 1. 16 
D 3= 0. 04 
D4= 0.71 
D6= BBS 
D 6- 0. 17 
D 7= 0. 73 
D 8= 0. 15 
D 9= 0.21 
DLQ- 0.45 
DU- cj* 
D12= 0.54 
D13= 0.18 
D14= 0.18 
D16= 0.88 
D16= 0.04 
D17= 0.98 
M8= 0. 18 
DL9= BIS 
D20= 0.30 
D21= 0. 16 



D23= 0. 



16 



2o= 59. 5" 
If 1= 1. 846660 
» 2= 1. 603112 

X 3= 1.603112 

M 4= 1. 882997 

N 5= 1.804000 

N 6= 1. 845660 

N 7= 1. 603112 

11 8= 1.803112 

» 9= 1.603112 
N10= 1. 846659 



1. 550000 
]fl6= 1. 520000 
N17= 1.589130 
N18= 1. 550000 
N19= 1.516330 



-4.5° 
1/ 1=23.8 
v 2-60.7 

v 3=60.7 

1/ 4=40.8 

v 5=46.6 

v 6=23.8 

v 7=60.7 
1/8=60.7 
1/9=60.7 



v 15= 60. 0 
v 16= 69. 0 
1/17=61.2 



k=-2. 40730e-01 B=3. 78043e-03 C=4 375Ble-04 D=-3. B9221e-04 E=4. 78237e-05 



[0050] 



W9] 



(9) 
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tt«Xtt«5 

f=l~14.93 Fao=l.( 

R 1- 11. 922 D 1= 0.45 

R 2= 6.895 D 2= 1.61 

R 3= -152.524 D 3= 0.04 

R 4= 5.897 D4= 1.07 

R 5= 12. 881 D 5= BJK 

R 6= 7. 863 D 6- 0. 16 

R 7= 1.345 D 7= 0.77 

R 8= -2. 485 D 8= 0. 14 

R 9= 7.417 D 9= 0.20 

R10= 6.033 D10= 0.46 

Rll= -5.345 Dll- BJS 

R12= -30.502 D12= 0.18 

R13= 4.609 D13= 0.18 

M4= 4.834 D14= 0.89 

R15= -4.096 D15= 0.04 

R16= 10.225 D16= 0.98 

R17= -2.874 D17= 0.18 

R18= -6.436 D18= fUB 

R19= m D19= 0.35 

R20= -3.243 D20= 0.39 

R21= -2.224 D21= 0.16 

R22- 7.677 D22= nJjE 

R23= 3.294 D23= 0.16 

R24= 2.128 D24= 1.25 

*R25= -4.392 D25= 0.64 

R26= « D26= 0.14 

R27= w D27- 0.29 

R28= co D28= 3.57 

R29= co D29= 0. 10 

R30= co D30= 0.14 

R31= co 



1.75 201=59.5° ~4.i° 

If 1= 1. 846660 v 1- 23. 8 

X 2= 1. 603112 1/ 2> 60. 7 

» 3= 1.603112 v 3=60.7 

H 4- 1.882997 u 4=40.8 

H 5= 1. 804000 v 5= 46. 6 

H 6= 1. 846660 v 6= 23. 8 

K 7= 1. 622992 v 7= 58. 1 

M 8= 1.603112 v 8=60.7 

» 9= 1.603112 v 9=60.7 

1110= 1. 846659 1/ 10= 23. 8 



1111= 1.848660 k 11= 23. 8 

H12= 1.603112 v 12= 60. 7 

»13= 1. 846660 v 13= 23. 8 

1114= 1.583126 ^14=59.4 

M15= 1. 550000 v 15= 60. 0 

N16= 1. 520000 v 16= 69. 0 

H17= 1. 589130 v 17= 61. 2 

1118= 1.550000 v 18= 60.0 

N19= 1.516330 1/19= 64.2 



R25 k=-4 61514e-01 B=5. 08643e-03 C=2. 58622e-04 

[00 5 1] 

1 ] ftftHlcH-fSCMIJlttei 1 ©UVXDrBflEI. 

2] *A«(cn-r«ikffii«tt«i2(ou>xiriiiia. 
3] *««icH-r«Ckfliiffi«i3(ouvXMiiiia. 

04] *»W(cHr*IWi*»«!4fl!>I/VXBriBia. 

6] *%wicMT%8.mnmmKz>mw.m®o 



D=-3. 09471e-04 E=5. 32173e-05 

[07] *&mtcKtzm.wim20>mMEo 

[08] *»«(CH-r«RflHtt«>J3 0!)RiRSia. 

[09] *5iwitM-r*affl*«5fJ4©KiRM0o 

[01 0] *HK(cH-r«ft«S«tt«>l5a}ttiRSH. 

. 1 m 1 uvxgf 
.2 %2\s>xm 

S3UVX8 

m4uvxsf 

H5U>Xi¥ 



L 3 



(11) 
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me] 

Fno/1.B5 2w=5?5° , 2w=8SJ5° 



J 




0.05 - 0.05 *jSWZ» 0.05 -5.0 m&m(%) &0 
Fno/2.64 2w=7.1° 2w-7.1° 




-0.05 mmm 0.05 -0.05 ittmm 0.05 -5.0 mmwmvi) 5.0 

Fno/2.46 2W-4.0" 2w-j4.0° 



-0.05 mm 0.05 -0.05 4mm 0.05 -5.0 ^a«s6(») 5.0 



(13) 



3 3 864 



[07] 

Fno/1.65 2w-59.5° 2w-59.5° 




-0.05 m&WM o.o5 -cos 0.05 -&o mm.m%) 5.0 

Fno/2.45 2w-4.0' 2w-4.0' 



(C) 




-0.05 mmVIS: 0.05 -0.05 =)&&Kig 0.05-5.0 mH5LM%) 5.0 



(14) 



fcH¥9-1 3 3 864 



FW 1.65 



0.06 - 0.05 ft&im 0.05 -5.0 3 
I 2w-6.8* 



-0.05 MORS 0~05 -0J06 0.06 -5X) SfflXtK) 5.0 

Fno/2.45 2w=4J° 2w=4.1° 



to 



-o.o5 nm& 0.05-0.05 jmmks 0.05-5.0 saiKgw) 5.0 



(15) 



#BB¥9-1 3 3 864 




-0.05 0.05 -0.05 #&Kg 0.05 -5.0 5.0 



-0.05 SffiJRIS 0.05 -0.05 ft&tm 0.05-5.0 SffilRMW 5.0 



(16) 



#■¥9-1 3 3 864 



Fno/1.65 2w-E9.6• 2w-59.5° 




-0.05 «ffilR36 0.06 -Q.05 #tm& OXB -5.0 SttflS@(56) 5.0 



Fno/2.7 2w6.4° 2w=6.4° 




-o.o5 mmm. 0.05-0.05 0.05-5.0 m&mw 5.0 



